Background and Purpose: Transcranial color duplex sonographic examinations in children and adolescents without cerebrovascular disease were evaluated retrospectively. Flow velocities and waveform parameters were determined and their side-to-side differences and age dependence analyzed and, finally,
Taranscranial color duplex sonography (TCCD) has recently been described as a new diagnostic tool for examining basal cerebral arteries in healthy adults. [1] [2] [3] [4] In comparison to transcranial Doppler sonography (TCD), the color duplex technique provides additional information on brain structures displayed in the B-mode image and depicts the course of the basal cerebral arteries in the color Doppler mode: the sample volume's exact site can be viewed and flow velocities recorded exactly, because the angle of the vessel's course to the Doppler beam is clearly visible.
No reports on TCCD in childhood and adolescence exist; thus, we retrospectively analyzed TCCD measurements of children and adolescents in whom there was no evidence of cerebrovascular disease. The aim was to gain preliminary, normal data for clinical application Tubingen and to make a comparison with transcranial Doppler sonographic studies of the same age group. We investigated age dependence as well as side-to-side differences of flow velocities and waveform indexes of all vessels examined. Finally, we wished to determine whether characteristic, age-related changes in the flow patterns of cerebral arteries would be revealed when comparing our data with analogous data from a previously de- cerebral vessels could be found through TCCD or (when necessary) by other methods (eg, magnetic resonance imaging or computed tomographic scan). These children had functional complaints, such as occasional headache or migraine, vertigo, intermittent vomiting, or syncope, which were the reasons for one or more TCCD examinations. In the examinations considered for this study, these symptoms had already subsided. The neurological status was normal in every case. We thus assume that this group corresponds to a population of healthy children.
In analyzing age dependence of flow velocities and waveform parameters, we divided the cohort into two groups comprising 26 children (13 In summary, the probe was applied to the preauricular area of the temporal bone, and an optimal acoustic window was found in the B-scan mode. The basal cerebral arteries were depicted in the color Doppler mode (Fig 1) . Flow [ACA] and in the posterior P2 part of the PCA) was shown in blue. Higher flow velocities were represented by higher intensity of the color signal. The color display was simultaneously superimposed over the B-scan image. In this way, the course of the basal cerebral arteries could be depicted in relation to adjacent cerebral structures.
For TCCD measurements of flow velocities, a pulsed sample volume of 3 mm axial size (lateral size, less than 2 mm) was positioned into the Ml, P1, and Al segments, which had to be displayed at least over a length of 5 to 7 mm in the color Doppler mode. In the MCA, measurements were taken either at the origin of the vessel, where the artery takes a curved course (with a low angle to the Doppler beam), or at a more distal site of the proximal Ml segment, where the vessel runs rather straight (at a 300 to 450 angle to the transducer). In the ACA and PCA, we preferred to take measurements at the origin of the vessels, where the angle to the Doppler beam was low. At slightly more distal parts of these curved vessels, a higher angle of insonation had to be considered. In all cases, the angle between the course of the vessel and the direction of the Doppler beam was determined at the site of the sample volume. There was automatic angle correction of the flow velocities recorded.
The color duplex examination was always initiated with an energy output level of 85 mW/cm2 spatial peak time average intensity of the computed sonographic system. Due to insufficient acoustic bone window in some cases, the energy output had to be raised to 405 mW/cm2 for reliable registration of Doppler signals. All The following angle-corrected flow velocity measurements were taken: (1) peak systolic velocity (Vs); (2) maximum end-diastolic velocity (Ved); (3) time-averaged maximum velocity (TAMX; ie, the averaged mean of peak flow velocities over a complete cardiac cycle); and (4) time-averaged velocity (TAV; ie, the mean of all frequencies occurring above and below the baseline over at least three complete pulses). We (Fig 1) . In two children, an embryonal type of the PCA could be seen as the P2 part of the PCA emerged directly from the internal carotid artery; a P1 part of the PCA could not be detected in these cases.
Mean+SD values of angle-corrected flow velocities and the derived waveform indexes in the MCA, ACA, and PCA in all age groups, as well as age-related differences of corresponding data in different groups, are shown in Table 1 .
Side-to-side differences of flow velocities and waveform indexes are listed in All parameters are mean+SD. n, Number of paired vessels investigated; Vs, peak systolic velocity; Ved, maximum end-diastolic velocity; TAV, time-averaged velocity; TAMX, time-averaged maximum velocity; RI, resistance index [(Vs-Ved)/Vs]; PI, pulsatility index [(Vs-Ved)/TAMX]; SBI', modified spectral broadening index (1-TAV/TAMX); MCA, middle cerebral artery; ACA, anterior cerebral artery; PCA, posterior cerebral artery.
sured by TCCD do not differ substantially in the corresponding age groups.8-10 In TCCD studies, the optimal site of measurement can be selected under visual control at either the origin of the MCA or more distal sites (under varying angles to the Doppler beam); in TCD studies, the strongest Doppler signal, usually recorded close to the MCA origin, is evaluated. Although both methods may measure flow velocities at different sites of the MCA, similar results are obtained in this way.
In TCD studies, flow velocities were about 10% to 20% lower in the ACA8 9 and PCA9 than in the present TCCD study. The Al and P1 segments are short and curved. It is likely that flow velocities can be measured more precisely in these vessels by using the small sample volume of the TCCD device rather than the larger TCD sample volume. For reliable registration of Doppler signals, the sample volume must be set beyond the origin of the ACA and PCA, at a distance corresponding to its own size, to avoid interference with the MCA or the contralateral PCA, respectively. We assume that flow velocities in ACA and PCA are lower in TCD measurements because they have to be recorded at a rather distal site of the Al or P1 segment, where the angle of insonation is higher. For clinical purposes, however, the quantitative differences between TCD and TCCD measurements do not seem to be significant.
Besides the commonly recorded flow velocities and waveform parameters, we also determined time-averaged velocity and calculated a modified spectral broadening index in our study. The relation of TAV to TAMX, which is inherent in the term SBI', shows minor but significant variations in different vessels or age groups: eg, SBI' was significantly higher in the ACA and PCA than in the MCA (P<.0001), and it declined with age ( Table 1 ). The potential use of TAV and SBI' for estimating flow volume changes or quantifying stenoses of intracranial vessels has been discussed elsewhere. 3 Corresponding to the findings of other groups,8-10we
observed a marked reduction in Vs and TAMX in all vessels in the period spanning childhood and adolescence. However, TAV remained constant in the ACA and PCA and tended to decrease in the MCA (P=.02).
Between adolescence and adulthood, a significant decline of all flow velocities occurred (Table 1 and Fig 2) . The age-related decrease of TAMX from childhood to adulthood has also been shown in previous TCD reports. '0-12 In the present study as well as in earlier studies,34 we determined both the resistance and the pulsatility indexes. Both parameters did not vary with age during childhood and adolescence. We found a very high correlation between RI and PI in all basal cerebral arteries, with the Pearson correlation coefficient ranging from 0.90 to 0.94 (P<.0001). To date, there has been no clear evidence on whether either of the two indexes offers diagnostic advantages. By definition, the maximum range of the RI is clearly limited (between 0.0 and 1.0), and its normal range was narrower than that of the PI (Tables 1 and 2 ) in our studies. On these grounds, we would prefer the RI to the PI. Unlike in the MCA and PCA, there was no significant correlation of flow velocities in the ACA of both sides. Moreover, the standard deviation of flow velocities proved higher in the ACA than in the MCA or PCA ( Tables 1 and 2 
